Abstract Traditional Indian Dairy Products are manufactured in India using an age old practice which varies from place to place. For manufacture of these products industrially, a standard formulation is required. Thabdi, a region specific, very popular heat desiccated milk product is one of such products which has not been studied scientifically. Sugar plays an important role in physico-chemical, sensory, textural characteristics and also the shelf life of any milk sweet. Hence for process standardization of Thabdi manufacture, different levels of sugar i.e. 4, 6, 8 and 10 (percent of milk) were studied so that an optimum level yielding best organoleptic characteristics in final product can be selected. The product was made from milk standardized to 0.66 Fat:SNF level and added with ghee @ 1.2 % of milk at the time of colour and texture development stage as selected from the earlier phase of study. Based on the results obtained, a level of 8 % sugar addition on the milk basis at the time of manufacture has been selected to have full taste and sensory attributes.
Introduction
Traditional Indian dairy products and sweets are an integral part of Indian culture and have great social, religious, cultural, medicinal and economic importance. Each of these products has its unique flavor, texture, and appearance. It is estimated that about 50 % of the total milk produced is converted into traditional milk products and their market grows very fast (Bandyopadhyay et al. 2006) . However, the manufacture of these products is largely in the hands of unorganized sector and the methods being used by them are age old, batch type, time consuming, cumbersome, energy intensive and hazardous. The commercial production of any food product depends on availability of appropriate manufacturing and processing technology. Hence, a very good scope exists for the Traditional Indian Dairy products which are region specific but have a potential to become popular outside the region also. Thabdi is one such region specific milk sweet manufactured traditionally in Saurashtra region of Gujarat State and the product is also not well known outside this region. There is a vast variation in all the quality attributes of this product as has been reported in the market samples of Thabdi by Patel et al. (2012) . Therefore, an attempt is made here to standardize the method of its production by standardizing the rate of sugar addition for Thabdi manufacture.
Materials and methods
To develop a standard formulation and the process, the study involved several phases, one of them is the rate of addition of sugar. The Thabdi samples manufactured were analysed for their chemical composition, physico-chemical attributes, textural profile, sensory and microbial quality.
Materials used
The whole milk used for manufacturing Thabdi was procured from Anubhav Dairy, AAU, Anand. Fresh milk, after procurement was standardized to fat/SNF ratio which was selected from the earlier study. Good quality granular sugar was procured from the local market of Anand and Ghee used for addition was procured from Anubhav Dairy, AAU, Anand. the manufacture. After filtration of the milk, it was standardized to Fat/SNF ratio of 0.66 as decided in the earlier study for selecting the fat and SNF of the milk for manufacture of Thabdi. This standardized milk was taken in a stainless steel kettle and heating was started with continuous agitation and allowed the milk to boil. At this stage sugar as per the requirement of the study was added at predecided rate (i.e. 4, 6, 8 and 10 % w/w of milk) and the milk was concentrated. When pre-pat formation stage was reached, the hot mass was held at the same temperature with intermittent agitation for grain development. Ghee @ 1.2 % w/w of milk was added to this grainy mass and further mild heat treatment was continued for attaining final moisture, which also helped to develop desirable colour and flavour. At the end of this stage, the mass was emptied in a stainless steel tray and was spreaded and allowed to set. After decorating the set mass with condiments such as cardamom, pistachio and decorating, it was cut into pieces and packed as required.
The final products obtained as above were evaluated for their proximate composition, physico-chemical properties, textural, microbiological and organoleptic characteristics. Based on the organoleptic characterization, the rate of sugar addition which resulted in the best product was selected and used subsequently.
Analysis

Compositional attributes
The moisture of the Thabdi samples was determined by standard procedure using Mojonnier Milk Tester Model-D (Laboratory Manual 1959). Fat extraction of Thabdi was determined as per the procedure described in Indian Standard: 2311 Standard: (1963 . Total nitrogen/protein of Thabdi was determined by semimicrokjeldahl method (Indian Standard: 1479-Part-II 1961), using Kjel-plus digestion system (Model-KPS 006 L, M/s.Pelican Instruments, Chennai) and Kjel-plus semiautomatic distillation system (Model-Distil M, M/s.Pelican Instruments, Chennai). Reducing (lactose) and non-reducing (sucrose) were determined by the volumetric method specified for ice-cream in Indian Standard: 2802 Standard: (1964 . Ash content of all the samples was determined by procedure described in Indian Standard: 1547 Standard: (1985 .
Physico-chemical quality attributes
The acidity of Thabdi was determined by method described in Indian Standard: 1166 Standard: -(1968 . The pH of Thabdi was measured using Systronic digital pH meter, Model 335 using the method described by Franklin and Sharpe (1963) . The water activity (a w ) of Thabdi samples, tempered at 25°C temperature, was measured using Rotronic Hygroskop Model: Hygrolab-3 (M/s.
Rotronic ag, Switzerland). The soluble nitrogen content of Thabdi sample was determined by the procedure outlined by Kosikowaski (1982) . The Free Fatty Acids (FFA) content was determined as per the procedure described by Thomas et al. (1954) . The method presented by Keeney and Bassette (1959) for quantifying HMF by spectrophotometric (measured at 443 nm in Spectronic-20D, M/s. Milton Roy Co., USA) measurement of the 2-thio barbituric acid (TBA) reaction product was used with slight modification. The extent of oxidation of fat in Thabdi was measured in terms of TBA Value employing method of Strange et al. (1977) with slight modification.
Texture profile
Four samples of each experimental Thabdi were subjected to uniaxial compression to 70 % of the initial sample height, using a Food Texture Analyzer of Lloyd Instruments LRX Plus material testing machine, England; fitted with 0-500 kg load cell. The force-distance curve was obtained for a twobite deformation cycle employing a Cross Head speed of 50 mm/min, Trigger 10 gf and 70 % Compression of the samples to determine various textural attributes of Thabdi held for 1 h at 23±1°C and 55 % RH.
Sensory evaluation
For the organoleptic evaluation of Thabdi, 8 judges were selected (on the basis of duo-trio test). The Thabdi samples were evaluated using a 100 point linear intensity rating scale. The score-card suggested for Khoa by Gupta and Pal (1985) was used with some modifications for judging.
Microbiological analysis
All the Thabdi samples were analyzed for the Standard Plate Count (SPC), Coliform count and Yeast and Mold count (YMC) by the methods described in Indian Standards: 5550 (1970) with slight modification.
Statistical analysis
The mean values generated from the analyses of duplicate samples of Thabdi, obtained in five replications were subjected to statistical analysis using Completely Randomized Design (CRD) as well as correlation coefficient of the parameters were also arrived at as per Steel and Torrie (1980) .
Results and discussion
The influence of rate of sugar addition was studied to arrive at a recipe for Thabdi to standardize the process of its manufacture amenable to industrial application. For standardizing the rate of addition of sugar, 4, 6, 8 and 10 % (w/w of milk) of sugar levels were selected so that the sucrose content in the final product would be in the vicinity of average value of sugar well preferred in the market samples by the consumers.
Influence of rate of sugar addition on the average proximate composition and yield of Thabdi
The tabulated values in Table 1 content which showed a progressive but significant decline at some levels only. The reason for this variation might be the proportionate reduction in these constituents on increase in the sugar content.
While studying the market quality of Thabdi from among the manufacturers in different cities, Patel et al. (2012) also observed the average values for sucrose content ranging from 20.24 % to 29.66 % because of the difference in the manufacturing practices among the manufacturers.
Influence of rate of sugar addition on the physico-chemical attributes of Thabdi
The average values of physico-chemical attributes of Thabdi affected by changes in levels of sugar addition presented in Table 1 show that pH, HMF, FFA and water activity were influenced significantly (P<0.05) by change in levels of sugar addition.
The pH and water activity decreased from 6.6±0.28 to 6.3±0.10 and 0.85±0.017 to 0.76±0.62 respectively progressively but significantly (P<0.05) at some stages only as levels of sugar addition were increased. On the other hand, though the HMF (201.0±82.39 to 455.8±32.08) μ moles/100 g and FFA (0.90±0.044 to 1.5±0.145) per cent Oleic Acid values increased as the level of sugar were increased, the increase was also significant (P<0.05) at some stages only. As shown in Table 1 , there was a significant (P<0.05) progressive decline in moisture content of Thabdi which led to the significant progressive decline in the water activity values. Similarly, the HMF content also increased significantly and progressively due to sugar level increasing possibly because of concomitant maillard browning and caramelization reactions occurring during manufacture. Other physico-chemical attributes like acidity, soluble nitrogen and TBA values though varied but not significantly. However, the changes in the soluble nitrogen content has been reported by Menefee et al. (1941) and also by Walstra and Jenness (1984) on heat treatment of milk.
Influence of rate of sugar addition on the microbial quality of Thabdi
The coliform counts were absent in all the samples of Thabdi studied and hence not reported. The standard plate count and yeast and mould count of Thabdi samples did not differ significantly (P<0.05) with each other as shown graphically in Fig. 1a . Presence of these small numbers of counts of both types of organisms might be attributed to the good hygienic condition maintained during manufacture but some negligible post production contamination.
Influence of rate of sugar addition on sensory quality of Thabdi
The values presented graphically in the Fig. 1b show that scores of all the sensory attributes of Thabdi were significantly (P<0.05) affected by the changes in levels of sugar addition and they were highest for 8 % sugar level. As shown in Table 1 , the HMF content consistently increased and due to this, colour and appearance scores also increased as levels of sugar addition was increased from 4 % to 10 %. On the basis of these observations and comments received from the judges in the present study, significantly (P<0.05) higher scores for all sensory attributes of Thabdi were awarded to the product having 8 % sugar level.
Influence of levels of sugar addition on the texture profile of Thabdi
It was observed in Table 1 Co-relationship of levels of sugar addition with other attributes of Thabdi
The correlation coefficient analyzed for physico-chemical attributes such as HMF, FFA, hardness and cohesiveness were highly positively correlated with the sugar content of the experimental Thabdi samples as shown in Table 2 . The other attributes pH, a w and gumminess though correlated highly significantly, were inversely correlated. The other attribute which inversely and significantly correlated was chewiness. The Thabdi samples exhibiting such behavior is in line with the changes in compositional and physico-chemical attributes due to the changes in the sugar levels as shown in Table 1 . The sensory profile attributes did not show any significant corelationship with the changes in the sugar levels. Taking into consideration the effects of varying the sugar levels on compositional, physico-chemical, sensory and textural attributes of Thabdi while manufacture and based primarily on the sensory preference of the judges, the level of sugar addition @8 % of milk was adjudged the best.
Conclusion
Sugar addition @ 8 % of milk taken for the manufacture of Thabdi significantly improves all the sensory attributes of final product. Therefore, addition of sugar @ 8 % of milk is selected for the standardized process of manufacture.
